We describe a black hole slice by a density matrix and evolve the slice in semiclassical time to search for the origin of Hawking radiation.
II. DENSITY MATRIX DERIVED FROM A U(1) COHERENT STATE
Let us take the simplified case of a U(1) abelian coherent state defined for the variables h e , p e which are canonically conjugate Loop Quantum Gravity variables, the e is a discrete label. The U(1) coherent state in the momentum representation is given by
e /2t e −(n 2 t)/2 e in(χe−ipe)
where exp(ιχ e ), p e represent the classical holonomy and momentum of the usual loop quantum gravity variables, t controls the width of the distribution n is an integer, the momentum quantum number. If we take the product of two such states, we get 
If the edges e 1 and e 2 are adjacent, then χ e 2 , p e 2 is given, by the classical eom χ e 2 = χ e 2 (χ e 1 ), p e 2 = p e 2 (p e 1 ). (e.g. let us say the field in the continuum satisfies dχ dx = χ, in one dimension x which is then discretised into edges of length e. For two adjacent edges, χ e 2 = χ e 1 e e ). A density matrix built from the above state will be such that
The reduced density matrix obtained by tracing over the second edges would give us
In the t → 0 limit the sum over m collapses to a delta function in the variable mt and one obtains non-zero elements for the density matrix atmt = p e 2 . Due to the fact that p e 1 (p e 2 ) = p e 1 (mt), the density matrix does not factorise. In the t → 0 limit, the diagonal elements of the density matrix dominate.
This is precisely the case for the SU(2) coherent state defined in [3] for a black hole time slice. Infact equation (123) of the paper shows the density matrix as
where |f | 2 is a normalisation constant. In the above v 1 labels a vertex outside the horizon, for the product of all vertices surrounding the horizon, gives rise to the Bekenstein-Hawking entropy.
III. ORIGIN OF HAWKING RADIATION
We evolve the density matrix derived in (3) using a Hamiltonian in the frame of a semiclassical observer stationed just outside the horizon.
where H is a Hamiltonian. This gives the reduced density matrix at a later slice δτ away 
We take the Brown and York quasi local energy at the horizon as the Hamiltonian in the frame of a semiclassical observer. At the horizon, it has a special form, as one can use the apparent horizon equation. For the U(1) group one can approximate this by 
